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1. 

RELIABILITY METRICS FOR PARAMETER 
ESTMATES WHICH ACCOUNT FOR 

CUMULATIVE ERROR 

RELATED APPLICATIONS 

This application claims priority to U.S. Provisional Appli 
cation No. 60/337,875, filed on Nov. 2, 2001. 

FIELD OF THE INVENTION 

This invention relates to the field of parameter estimates 
derived using correlation analysis, and more specifically, to 
reliability metrics for such estimates which account for fac 
tors such as lack of line-of-sight and multi-path. 

RELATED ART 

The Global Positioning System (GPS) is a collection of 
satellites each of which travels in a precise orbit above the 
earth's Surface. Each satellite transmits a signal modulated 
with a pseudo-noise (PN) code unique to the satellite. Each 
PN code comprises a predetermined number of chips. A GPS 
receiver receives a composite signal comprising a mixture of 
signals from each of the satellites that are visible to the 
receiver. A signal detector in the receiver detects a transmis 
sion from a particular satellite by determining the degree of 
correlation between the received signal and shifted versions 
of the PN code for that satellite. If a peak of sufficient quality 
in the correlation value for one of the shift offsets is detected, 
the receiver is considered to have detected the transmission 
from the satellite. 
The receiver estimates its location by detecting transmis 

sions from at least four of the satellites. For each detected 
transmission, the receiver uses the shift in the PN code to 
estimate the delay (in terms of chips or fractions of chips) 
between time of transmission and time of arrival. Given the 
known velocity of the transmission, the receiver estimates the 
distance between itself and the satellite. This estimated dis 
tance defines a sphere around the satellite. The receiver 
knows the precise orbits and positions of each of the satellites, 
and continuously receives updates to these orbits and posi 
tions. From this information, the receiver is able to determine 
its position (and the current time) from the point where the 
spheres for the four satellites intersect. 
The FCC has mandated that subscriber stations, including 

but not limited to mobile stations, in wireless communica 
tions systems be capable of estimating their locations in order 
to promote rapid responses to 911 and other emergency calls. 
In response to this mandate, efforts are underway to equip 
subscriber stations with the means to estimate their locations 
from GPS satellite transmissions. Moreover, since base sta 
tions or sectors in wireless communications systems transmit 
pilot signals modulated with unique PN codes, these efforts 
also include allowing Subscriber stations to estimate their 
locations from the transmissions of multiple base stations or 
sectors, or combinations of base stations or sectors and GPS 
satellites. 
A signal detector in a GPS receiver attempts to detect the 

transmission of a satellite from the peak of a correlation 
function which is derived by multiplying the received signal 
(which is typically a composite signal comprising a mixture 
of the transmissions from multiple satellites) with shifted 
versions of the PN code for the satellite within a range defined 
by a predetermined search window, and then, for each shifted 
PN code, adding the multiplied values over a predetermined 
integration time to achieve a value representative of the 
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2 
degree of correlation between the received signal and the 
shifted PN code. If the peak is detected, the signal detector 
may then estimate one or more parameters, such as time of 
arrival, from the peak. 

For certain parameters, in particular, time of arrival (TOA), 
the GPS receiver estimates the root mean square error 
(RMSE) of the TOA estimate in order to provide an indication 
of the reliability and therefore weight to be given to the TOA 
estimate during the position determination process. The GPS 
receiver estimates the RMSE of the TOA estimate based on 
the noise at the receiver, which in turn depends on factors such 
as the integration time employed in producing the correlation 
function. Since the satellite transmissions are typically not 
Subject to degradations due to lack of line of sight, or multi 
path, the GPS receiver does not generally consider these 
factors in producing the RMSE estimates. Consequently, in 
an environment in which signals are subject to degradations 
due to lack of line of sight and multi-path, the GPS receiver 
would likely overestimate the reliability of the time of arrival 
estimates, and therefore accord too much weight to these 
estimates in the position determination process. Range errors 
would likely be introduced into the position estimates of the 
subscriber station which would violate the FCC's mandate 
that the positions of subscriber stations be estimated with an 
accuracy of +150 meters 95% of the time, and an accuracy of 
50 meters 67% of the time. 

RELATED APPLICATIONS 

This application is related to U.S. patent application Ser. 
No. 10/057,689, filed Oct. 29, 2001, U.S. Pat. No. 6,738,438, 
and U.S. patent application Ser. No. 10/060,885, filedon Nov. 
1, 2001, Qualcomm Dkt. Nos. 010374,010375, and 010376, 
and owned in common by the assignee hereof. These appli 
cations are each fully incorporated by reference herein as 
though set forth in full. 

SUMMARY 

The invention provides a method of producing a reliability 
metric for a parameter estimate derived from a signal using 
correlation analysis. The method begins by obtaining an indi 
cation of whether a non line of sight signal condition is 
present or likely. Responsive to this indication, the method 
derives a reliability metric for the parameter estimate. 

In one embodiment, the parameter estimate is an estimate 
of time of arrival (TOA) of the signal, and the reliability 
metric is root mean square error (RMSE) of the time of arrival 
estimate. The time of arrival estimate may be derived from the 
time and/or position of a peak of a correlation function for the 
signal. In this embodiment, the method obtains an indication 
of whether a non line of sight signal condition is present or 
likely based on a measure of the strength of the correlation 
function at the peak thereof. The measure of the strength of 
the correlation function at the peak thereofmay be energy per 
chip divided by total received power (E/I). Alternatively, or 
in addition, the measure of the strength of the correlation 
function at the peak thereof may be the energy of the corre 
lation function at the peak. 

In one implementation, the RMSE of the TOA estimate is 
derived using a lookup table. The lookup table may imple 
ment a non-linear relationship between the RMSE of the TOA 
estimate and the strength of the correlation function at the 
peak thereof. Alternatively, or in addition, the lookup table 
may implement a relationship between the RMSE of the TOA 
estimate, the strength of the correlation function at the peak 
thereof, and the integration time used to derive the correlation 
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function. Thenon-linear relationship between the RMSE and 
the TOA estimate implemented by the lookup table may bean 
inverse relationship where the RMSE which is derived varies 
inversely with the strength of the correlation function at the 
peak thereof. 

In a second implementation, the RMSE of the TOA esti 
mate is derived using a formula. The formula may implement 
a non-linear relationship between the RMSE of the TOA 
estimate and the strength of the correlation function at the 
peak thereof. Alternatively, or in addition, the formula may 
implement a relationship between the RMSE of the TOA 
estimate, the strength of the correlation function at the peak 
thereof, and the integration time used to derive the correlation 
function. The non-linear relationship between the RMSE and 
the TOA estimate implemented by the formula may be an 
inverse relationship where the RMSE which is derived varies 
inversely with the strength of the correlation function at the 
peak thereof. 

In a second embodiment, the method obtains an indication 
of whether a non line of sight signal condition is present or 
likely, obtains an indication of whether a multi-path signal 
condition is present or likely, and, responsive to one or both of 
these indications, derives a reliability metric for the param 
eter estimate. In one implementation, the step of deriving a 
reliability metric for the parameter estimate comprises deriv 
ing the reliability metric responsive to an indication of the 
likelihood of distinguishing an earlier peak of the correlation 
function from a later-in-time peak. 

In a third embodiment, the method obtains an indication of 
whether a multi-path signal condition is present or likely, and 
then derives, responsive to this indication, a reliability metric 
for the parameter estimate. 

Related systems, processor readable media, computer pro 
gram products, reliability metrics, etc., are also provided. 

Other systems, methods, features and advantages of the 
invention will be or will become apparent to one with skill in 
the art upon examination of the following figures and detailed 
description. It is intended that all Such additional systems, 
methods, features and advantages be included within this 
description, be within the scope of the invention, and be 
protected by the accompanying claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The components in the figures are not necessarily to scale, 
emphasis instead being placed upon illustrating the principles 
of the invention. In the figures, like reference numerals des 
ignate corresponding parts throughout the different views. 

FIG. 1 is an example application of a system according to 
the invention; 

FIG. 2A is a simplified block diagram of one embodiment 
of a parameter estimator which may be employed in conjunc 
tion with a system according to the invention in the example 
application of FIG. 1; 

FIG. 2B is a simplified block diagram of one implementa 
tion of a parameter estimator which may be employed in 
conjunction with a system according to the invention in the 
example application of FIG. 1; 
FIG.3A is a time domain representation of one example of 

a correlation function for a CDMA pilot signal; 
FIG. 3B illustrates direct line-of-sight and reflected ren 

derings of the function of FIG. 3A; 
FIG. 3C illustrates direct and indirect arrivals of a pilot 

signal at a Subscriber station due to multi-path; 
FIG. 4 is a flowchart of one embodiment of a method of 

attempting to distinguish one or more first peaks of a corre 
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4 
lation function from a second peak thereto, and estimating 
one or more parameter(s) of a signal responsive thereto; 

FIG. 5A is a flowchart of a first embodiment of a method 
according to the invention in which a reliability metric is 
derived responsive to an indication of whether a non line of 
sight signal condition is present or likely; 
FIG.5B is a flowchart of a second embodiment of a method 

according to the invention in which a reliability metric is 
derived responsive to one or both of an indication of whether 
a nonline of sight signal condition is present or likely and an 
indication of whether a multi-path signal condition is present 
or likely: 
FIG.5C is a flowchart of a third embodiment of a method 

according to the invention in which a reliability metric is 
derived responsive to an indication of whether a multi-path 
signal condition is present or likely: 

FIG. 6A illustrates an example scenario in which a pilot 
signal is a nonline of sight signal; 

FIG. 6B illustrates an example scenario in which a pilot 
signal is subject to multi-path and/or is a multi-path signal; 

FIG. 7A illustrates a correlation function which may result 
from the example scenario of FIG. 6A: 

FIG. 7B illustrates a correlation function which may result 
from the example scenario of FIG. 6B; 

FIG. 8A is a block diagram of a first embodiment of a 
system according to the invention; and 

FIG. 8B is a block diagram of a second embodiment of a 
system according to the invention. 

DETAILED DESCRIPTION 

Example Application 
Referring to FIG. 1, an example application of a system for 

or method of producing the reliability metric of the invention 
is illustrated. In this example application, the system and/or 
method is employed within subscriber station 100 in conjunc 
tion with a parameter estimator for the purpose of estimating 
the location of subscriber station 100. The parameter estima 
tor is configured to estimate parameters of a signal Such as 
time of arrival. The system/method may be part of, or inde 
pendent of the parameter estimator. The subscriber station 
100 is a component of a wireless communication system Such 
as but not limited to cellular, fixed wireless, PCS, and satellite 
communications systems. Moreover, the wireless communi 
cations system may provide formultiple access in accordance 
with CDMA, TDMA, FDMA, or GSM multiple access pro 
tocols, or combinations thereof. 
One or more base station(s) or sector(s) 102a, 102b, and 

102c are employed in the wireless communications system. 
Each base station or sector 102a, 102b, 102C transmits a pilot 
signal which is modulated with a repeating pseudo-random 
noise (PN) code which uniquely identifies that base station or 
sector. For IS-95 compliant CDMA systems, the PN code is a 
sequence of 32,768 chips which is repeated every 26.67 
mSec. 

One or more GPS satellites 106a, 106b may also be visible 
to the subscriber station 100 or position determination entity 
(PDE) 104. Each of the GPS satellites also transmits a signal 
which is modulated with a repeating PN code which uniquely 
identifies that satellite. In current GPS systems, the PN code 
is a sequence of 1,023 chips which is repeated every milli 
second. 
The parameter estimator within subscriber station 100 is 

configured to estimate various parameters of the pilot signals 
transmitted from the base stations or sectors 102a, 102b, and 
102c and/or the signals transmitted from the GPS satellites 
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106a, 106b. Such parameters may include TOA, time of 
transmission, energy per chip divided by total received power 
(E/I). The system and/or method of the invention within 
subscriber station 100 is configured to determine reliability 
metrics, including but not limited to root mean squared error 
(RMSE), for one or more of these parameters, such as the 
TOA estimate, etc. 
The parameters, once estimated, and the reliability metrics, 

are provided to PDE 104 which estimates the location of 
subscriber station 100 responsive thereto. (The PDE 104 may 
be a sever in a public computer network such as the Internet or 
other TCP/IP network, a private network, or some other net 
work.) In particular, the PDE 104 may employ the reliability 
metrics to determine the weight to be given to the correspond 
ing parameters during the position determination process. 
Once estimated, the position of the subscriber station 100 is 
downloaded to it so that it is available from the subscriber 
station 100 in the event of a 911 or other emergency call. 
The PDE 104 may estimate the location of the subscriber 

station 100 from the measurements relating to the base sta 
tions or sectors 102a, 102b, and 102c, or, to increase accu 
racy, from the combined measurements of one or more of the 
base station(s) or sector(s) 102a, 102b, 102c and one or more 
of the GPS satellite(s) 106a, 106b. In a process referred to as 
Advanced Forward Trilateration (AFLT), the PDE 104 esti 
mates the location of the subscriber station 100 responsive to 
the transmissions from four or more base stations or sectors in 
a manner analogous to the GPS procedure. 
The PDE 104 may provide other forms of assistance to the 

subscriber station 100. For example, PDE 104 may continu 
ously track the GPS satellites, and provide assistance to the 
subscriber station 100 in locating the signals transmitted from 
the GPS satellites 106a, 106b. This avoids the need to have the 
subscriber station 100 undergo time-consuming “cold start 
procedures for locating the satellites when it is powered up. 

Referring to FIG. 2A, a block diagram of one embodiment 
of a parameter estimator Such as may be employed within 
subscriber station 100 is illustrated. As illustrated, in this 
embodiment, the parameter estimator comprises correlation 
logic 216 and analysis logic 218. For purposes of this disclo 
Sure, the term “logic' means hardware, Software, or a com 
bination of hardware and software. 
A signal is input to correlation logic 216. The signal may be 

a standalone signal or part of a composite signal comprising 
multiple signals. Typically, the signal is a pilot signal from 
one of the base stations or sectors and is part of a composite 
signal representing the transmissions from multiple base sta 
tions or sectors. The signal from each base station or sector is 
modulated with an identification code which, in one example, 
is a PN code. The identification code may be modulated onto 
the signal on a one-time or repeating basis. 

Correlation logic 216 is configured to determine, using an 
integration time I, the correlation between the signal and 
shifted versions of an identification code. Obviously, the 
greatest degree of correlation will be exhibited if the identi 
fication code used by the correlation logic 216 matches that 
modulated onto the signal. The correlation logic 216 outputs 
a correlation function which represents the correlation 
between the signal and shifted versions of the identification 
code within a search window. 

In one example, each sample of the signal S is a complex 
number having in-phase (I) and quadrature (Q) components, 
and the signal S is modulated with a PN code. In one imple 
mentation, a correlation value C, which depends on the PN 
code and the shifts in the PN code which are used, is coherent, 
i.e., retains phase information, and is a complex number 
which can be expressed as follows: 
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(1) 

where N is the (coherent) integration time in terms of chips, 
S(i) are samples of the received signal, and k is an arbitrary 
origin. In this implementation, the integration time I is the 
coherent integration time N. 

In a second implementation, the correlation value C is a 
real number which is derived by non-coherently, i.e., not 
retaining phase information, combining M Successive coher 
ent integrations, each conducted over N chips. In this imple 
mentation, the correlation value C may be expressed as fol 
lows: 

(2) 

In this implementation, the integration time I is the product 
of N and M. 
The range of the shifts that is desired to be tested can be 

referred to as the search window W. The W values C(PN, s) 
which result together form a correlation function F(PN, S), 
which represents the degree of correlation between the signal 
and the shifts of the PN code (where the shifts is expressed 
in terms of chips) over a desired search window W. In the case 
where the PN code is repeatedly modulated onto the signal, 
the correlation function F(PN, s) will be periodic. 

FIG. 3A illustrates an example of a correlation function 
F(PN, s) for a pilot signal in a CDMA wireless communica 
tion system. The window size (in terms of chips) in this 
example is 8, and the window is assumed to be centered at the 
origin 306. The horizontal axis 302 represents the shift of the 
PN code (expressed in terms of chips), and the vertical axis 
304 represents the correlation function F(PN, S) (expressed in 
terms of Energy (dB)). As illustrated, the function in this 
example reaches a peak at the origin 306. This correlation 
function may constitute a component pulse in a real world 
correlation function derived from a composite signal repre 
senting a mixture of the pilot signals from multiple base 
stations or sectors, and multiple renderings of the same pilot 
signals arriving through different paths. 

Referring to FIG.3B, an example of a correlation function 
F(PN, s) for a pilot signal in a CDMA communications sys 
tem is illustrated where the effects of multi-path are depicted. 
The correlation function for a weaker earlier-in-time inde 
pendent arrival, represented in the figure with a dashed line, is 
Superimposed on the correlation function for a stronger inde 
pendent arrival, which is represented in the figure with a solid 
line. The additive combination of these two correlation func 
tions might represent the correlation function which is 
derived from a real world composite signal Subject to the 
effects of multi-path and/or is a multi-path signal. For pur 
poses of this disclosure, an “independent' arrival includes 
one of multiple signals from different sources which arrive at 
a destination as well as one of multiple renderings of the same 
signal which arrive at a destination through different routes. 
FIG.3C depicts an example of a situation which might give 

rise to the correlation function illustrated in FIG. 3B. As 
illustrated, the direct line-of-sight path between base station 
or sector 102 and subscriber station 100 is blocked by an 
obstruction 314 (a tree in the example) which attenuates but 
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still allows passage of the pilot signal. At the same time, due 
to multi-path, the same pilot signal may reflect off of another 
obstruction 316 (a building in the example) and be received 
by the subscriber station 100 with less attenuation than the 
direct line-of-sight arrival. This reflection from obstruction 
316 might give rise to the correlation function represented in 
FIG. 3B with a solid line, while the direct line or sight ren 
dering through obstruction 314 might give rise to the corre 
lation function represented in FIG. 3C with a dashed line. 

Turning back to FIG. 2A, once determined, the correlation 
function is input to analysis logic 218. Analysis logic 218 
analyzes this correlation function and determines whether 
one or more first peak(s) of the correlation function are 
present, and, if so, whether they are distinguishable from the 
sidelobe(s) of the second peak. If the one or more first peak(s) 
are present and distinguishable from the sidelobe(s) of the 
second peak, the analysis logic 218 is then configured to 
determine the one or more parameter(s) from the one or more 
first peak(s). If, however, the one or more first peak(s) are not 
present, or, if present, are not distinguishable from the side 
lobe(s) of the second peak, the analysis logic 218 is config 
ured to determine the one or more parameter(s) from the 
second peak. 

Thus, in the example of FIG. 3B, the analysis logic 218 
may be configured to estimate the time of arrival (TOA) of the 
pilot, which requires detecting the time/position of the earli 
est non-sidelobe peak in the correlation function for the pilot. 
The analysis logic may first detect the strongest peak 308, 
which is the second peak using the previous terminology. It 
may then determine whether there are any earlier peaks 
present, such as peak 312, and, if present, whether peak 312 
represents an independent arrival or whether is one of the 
sidelobes 318 of the main peak 308. In the previous terminol 
ogy, peak 312 is the first peak. If peak 312 is present and 
represents an independent arrival rather than a sidelobe of the 
main peak 308, the analysis logic 218 determines the time of 
arrival of the pilot responsive to the time/position of peak 312. 
If no peaks earlier than peak 308 are detected, which repre 
sent independent arrivals in contrast to sidelobe(s) of the main 
peak 308, analysis logic 218 estimates the time of arrival of 
the pilot responsive to the time/position of the main peak 308. 

Referring to FIG.2B, a block diagram of a second embodi 
ment of aparameter estimator which may be employed within 
subscriber station 100 is illustrated. A signal 208 is input in 
parallel to each of R correlators 202(1), 202(2), ..., 202(R), 
where R is an integer of one or more, over one or more signal 
line(s) 208. Again, the signal 208 may be a standalone signal 
or a part of a composite signal. In one implementation 
example, R is 16. In a second implementation example, R is 
256. Each of the R correlators determines, in parallel, using 
an integration time, a correlation value representing the 
degree of correlation between a shifted version of a selected 
PN code and the signal. 

In one implementation, each of the R correlators operates 
using a shifted version of the same PN code, with each corr 
elator assigned a different shift value. The collection of cor 
relation values determined by the R correlators forms the 
correlation function F(PN, S). If the window size W is less 
than or equal to R, the number of correlators, the correlation 
function F(PN, s) can be determined through a single pass 
through the parameter estimator. If, on the other hand, the 
number of correlators R is less than W, the window size, one 
or more additionaliterations through the parameter estimator 
may be needed to determine the correlation function F(PN, s). 
Once determined, the correlation function F(PN, s) is out 

put on one or more signal line(s) 210 and stored in memory 
206. In like manner, the correlation functions for other PN 
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codes can be determined by the correlators 202(1), 
202(2),..., 202(R), and stored in memory 206. 
The processor 204 is configured to retrieve a correlation 

function F(PN, s) from memory 206 over one or more signal 
line(s) 212, and determine whether one or more first peak(s) 
are present, and if so, whether they are distinguishable from 
the sidelobe(s) of a second peak. If Such peak(s) are present 
and distinguishable from the sidelobe(s) of the second peak, 
it then estimates the one or more parameter(s) from the one or 
more first peak(s). If such peak(s) are not present, or, if 
present, are not distinguishable from the sidelobe(s) of the 
second peak, processor 204 then estimates the one or more 
parameter(s) from the second peak. 

In one implementation, the processor 204 attempts to esti 
mate time of arrival (TOA), and energy per chip divided by 
total received power (EI) for the signal. If the attempt is 
unsuccessful, the processor 204 may direct the R correlators 
202(1), 202(2). . . . . 202(R) to re-determine the correlation 
function using a different integration time. This process may 
iterate one or more times until the one or more parameter(s) 
may be estimated from the correlation function or it is deter 
mined that the parameter(s) cannot be estimated. If the one or 
more parameter(s) can be and are estimated, the processor 
204 may be configured to output them over one or more signal 
line(s) 214. 

For purposes of this disclosure, a “processor may be any 
device capable of executing a series of instructions embody 
ing a process, including but not limited to a computer, micro 
processor, an ASIC, finite state machine, DSP or some other 
mechanism. 

In addition, for purposes of this disclosure, a “memory” 
may be any device readable by a processor and capable of 
storing a series of instructions embodying a process, includ 
ing but not limited to RAM, ROM, EPROM, EEPROM, 
PROM, disk (hardorfloppy), CD-ROM, DVD, flash memory, 
etc. 

Referring to FIG. 4, a flowchart of one embodiment of a 
method which may be employed by analysis logic 218 and/or 
processor 204 for estimating one or more parameter(s) of a 
signal, e.g., time of arrival, is illustrated. The method begins 
with step 402, which comprises deriving a correlation func 
tion from a signal. It then proceeds to step 404, which com 
prises determining whether one or more first peak(s) are 
present. If so, the method proceeds to step 406. If not, the 
method branches to step 410. 

In step 406, the method determines whether the one or 
more first peak(s) are distinguishable from one or more side 
lobe(s) of a second peak. If so, the method proceeds to step 
408, which comprises estimating the one or more 
parameter(s) responsive to the one or more first peak(s). In the 
case where the parameter is time of arrival, the method esti 
mates the parameter responsive to the time/position of the 
second peak. If not, the method branches to step 410. 

In step 410, the method estimates the one or more param 
eter(s) responsive to the second peak. In the case where the 
parameter is time of arrival, the method estimates the param 
eter responsive to the time/position of the second peak. 
The system and/or method of the invention may be part of 

analysis logic 218 in FIG. 2A, be embodied by the combina 
tion of processor 204 and memory 206 in FIG. 2B, or be 
separate distinct from analysis logic 218 and/or processor 
204/memory 206. Moreover, it should be appreciated that 
many other applications of the parameter estimator of the 
invention are possible, so this example should not be taken as 
limiting. 
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Embodiments of the Invention 
The invention provides a method of producing a reliability 

metric for a parameter estimate derived from a signal using 
correlation analysis. One embodiment of the method is illus 
trated in FIG. 5A. As illustrated, the embodiment begins in 5 
step 502, which comprises obtaining an indication of whether 
a non line of sight signal condition is present or likely. 
Responsive to this indication, in step 504, the embodiment 
derives a reliability metric for the parameter estimate. 

In one implementation, the parameter estimate is an esti- 10 
mate of time of arrival (TOA) of the signal, and the reliability 
metric is root mean square error (RMSE) of the time of arrival 
estimate. As previously discussed, the time of arrival estimate 
may be derived from the time/position of a peak of a corre 
lation function for the signal. In this implementation, the 15 
method obtains an indication of whether a non line of sight 
signal condition is present or likely based on a measure of the 
strength of the correlation function at the peak thereof. If the 
strength of signal is weak, it is assumed that a nonline of sight 
signal condition is present or likely, while if the strength of the 20 
signal is strong, it is assumed that the signal is a line of sight 
signal. 

This assumption may be further explained in relation to 
FIG. 6A, which illustrates a scenario in which the line of sight 
path between base station or sector 102 and subscriber station 25 
100 is blocked by obstruction 604. Consequently, the signal 
606 representing the direct line of sight arrival from base 
station or sector 102 does not reach subscriber station 100. 

However, signal 608, which represents a delayed multi 
path arrival, reflects off of obstruction 602 and is received by 30 
the subscriber station 100. Because of the attenuation due to 
the additional distance traveled by signal 608 compared to the 
direct line of sight path, and also because of reflection losses 
off of obstruction 602, the peak strength of the correlation 
function derived from the signal is typically lower than that 35 
for the correlation function that would be derived from the 
line of sight signal. 

FIG. 7A is an example of the correlation function which 
might be derived from the signal 608. As illustrated, the peak 
strength 704 of the function is less than the assumed peak 40 
strength 706 for a direct line of signal. In the embodiment of 
the method illustrated in FIG. 5A, this information is used to 
indicate that a nonline of sight signal condition is present or 
likely, i.e., that the signal 608 is not or unlikely to be a line of 
sight signal, and thus, that a time of arrival estimate derived 45 
from the peak 702 of the correlation function would be inac 
Curate. 

The measure of the strength of the correlation function at 
the peak thereof may be energy per chip divided by total 
received power (E/I). Alternatively, or in addition, the mea- 50 
sure of the strength of the correlation function at the peak 
thereof may be the energy of the correlation function at the 
peak. 

In one implementation, the RMSE of the TOA estimate is 
derived using a lookup table. The lookup table may imple- 55 
menta non-linear relationship between the RMSE of the TOA 
estimate and the strength of the correlation function at the 
peak thereof. Alternatively, or in addition, the lookup table 
may implement a relationship between the RMSE of the TOA 
estimate, the strength of the correlation function at the peak 60 
thereof, and the integration time used to derive the correlation 
function. The relationship implemented by the lookup table 
may be an inverse relationship where the RMSE which is 
derived varies inversely with the strength of the correlation 
function at the peak thereof. 65 

In one example, the RMSE is a function of N, the coherent 
integration time in terms of chips, M, the number of coherent 

10 
integrations which are non-coherently combined to form a 
correlation value, and the peak energy E of the correlation 
function derived from the signal. For a given value of N and 
M, the RMSE is an inverse function of E. The function relat 
ing RMSE (in terms of meters), N. M., and E in this example 
may be implemented through the following lookup table: 

RMSE N = 768 N = 1024 N = S12 N = 1024 
(meters) M = 8 M = 16 M = 2 M = 64 

10 21370 372O1 9642 65535 
2O 4955 9267 2O39 21097 
30 4682 8802 1913 2O3O4 
50 4346 823O 1757 19328 
75 4114 7835 1649 18653 
100 3897 7466 1549 18023 
125 3695 7121 14S5 17435 
150 3506 68OO 1368 16887 
175 3329 6499 1286 16375 
200 3164 6218 1209 15897 
250 2915 5794 1094 15170 

(and above) 

The leftmost column in this example lists the RMSE values, 
and each of the columns to the right of this lists corresponding 
values of E for particular values of N and M. This table may 
be employed by first deriving a correlation function for a 
signal using particular search parameters (N, M). The peak 
strength of the resulting correlation function is then mea 
sured, and the closest value of E equal to or below the mea 
Sured strength in the column corresponding to the search 
parameters used is determined. The corresponding RMSE 
value from the lookup table becomes the RMSE which is 
assigned to the measured value. For example, for search 
parameters equal to (768, 8), and a measured peak energy of 
4400, the lookup table will report a RMSE of 50 meters. It 
should be appreciated that other examples are possible so this 
example should not be construed as limiting. 

In a second implementation, the RMSE of the TOA esti 
mate is derived using a formula. The formula may implement 
a non-linear relationship between the RMSE of the TOA 
estimate and the strength of the correlation function at the 
peak thereof. Alternatively, or in addition, the formula may 
implement a relationship between the RMSE of the TOA 
estimate, the strength of the correlation function at the peak 
thereof, and the integration time used to derive the correlation 
function. The relationship implemented by the formula may 
be an inverse relationship where the RMSE which is derived 
varies inversely with the strength of the correlation function at 
the peak thereof. 

In one example, the peak signal strength is expressed in 
terms of E/Io, and the following formula may be used to 
derive RMSE: 

A 3 RSE = (3) + B 
lo 

where A and B are constants which depend on the particular 
implementation. In one implementation, A is 0.2 and B is 10, 
while in another implementation, A is 0.5 and B is 0. In the 
first implementation, for values of E/I ranging from -4 dB 
to -30 dB, the reported values of RMSE range from 10 to 223. 
In the second implementation, for values of E/I ranging 
from -3 dB to -26 dB, the reported values of RMSE range 
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from 1 to 224. However, other examples are possible, so this 
example should not be taken as limiting. 

In a second example, the peak signal strength is the peak 
energy E inlinear terms. Referring to the peakenergy inlinear 
terms as y, the following formula may be used to derive the 
RMSE estimate: 

G2 MN2 (4) 
RMSE = -- - B 

A x(y – G2 MN) 

where G is a scaling factor (9/2048 in one example), N is the 
coherent integration time, M is the number of coherent inte 
grations which are non-coherently combined to form a cor 
relation Vale, y is the peak signal strength in linear terms, and 
A and Bare constants which depend on the application. In one 
implementation, the value of A is 5 and B is 10, while, in a 
second implementation, the value of A is 2 and the value of B 
is 0. It should be appreciated that other examples are possible 
so this example should not be taken as limiting. 

In the first implementation, the RMSE value which is 
reported is an 8-bit unsigned quantity with values ranging 
from 10 to 223. Under this assumption, the value of RMSE in 
the first implementation may be given as: 

10 y > 0.4G’MN’ + G’MN (5) 

G? MN2 
RSE = 223 ys 1065 - GMN 

G2 MN2 
10 otherwise 

In the second implementation, the RMSE value which is 
reported is an 8-bit unsigned entity with values ranging from 
1 to 255. Under the assumption, the value of RMSE in this 
second implementation may be given as: 

1 y > 0.5G’MN’ + G’MN (6) 

255 K 0.5G MN + G’MN RSE = ys ass 

0.5G2M N2 
y-G2 MN otherwise 

Note that other examples are possible so the above examples 
should not be construed as limiting. 

Referring to FIG. 5B, a flowchart of a second embodiment 
of a method according to the invention is illustrated. In step 
506, the embodiment obtains an indication of whether a non 
line of sight signal condition is present or likely, and in step 
508, the embodiment determines whether a multi-path signal 
condition is present or likely. Responsive to one or both of 
these indications, the method, in step 510, derives a reliability 
metric for the parameter estimate. 

This embodiment recognizes that lack of line of sight and 
multi-path, since they are related, may have duplicative con 
tributions to computation of the reliability metric. However, it 
also recognizes that they may have separate and distinct con 
tributions to the computation of the reliability metric. 

Consider FIG. 6A. That figure illustrates a scenario where 
the indication that the signal 608 is not or unlikely to be a line 
of sight signal and the determination that the signal 608 is or 
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12 
likely to be a multi-path signal may be redundant in that the 
one can account for the other in the computation of the reli 
ability metric. 

However, FIG. 6B illustrates a scenario where the two 
indications may have separate and distinct contributions to 
the computation of the reliability metric. As illustrated, signal 
608 is a multi-path signal which arrives at subscriber station 
100 after reflecting off of obstruction 602, while signal 610 is 
a second multi-path signal which arrives at Subscriber station 
100 after reflecting off of obstruction 612. Line of sight signal 
606 is blocked by obstruction 604 and does not arrive at the 
subscriber station 100. 

FIG. 7B illustrates the correlation function which might 
result from this scenario. The portion of this correlation func 
tion which is represented with the solid line might result from 
the signal 608, while the portion which is represented with the 
dotted line might result from the signal 610. Since both are 
non line of sight signals, the peak signal strength of both, 
identified in FIG. 7A as 702, is below the maximum level 706 
which marks a direct line of sight signal. The indication that 
either or both are or likely to be a nonline of sight signal may 
make a first contribution to the computation of a reliability 
metric for a time of arrival estimate derived from either of the 
peaks 708, 710. However, the indication that either or both are 
or likely to be multi-path signals whose correlation functions 
may interfere with one another may have a second distinct 
contribution to the computation of the reliability metric. In 
particular, an assessment of the likelihood of distinguishing 
an earlier peak of the correlation function from a later-in-time 
peak can be measured and accounted for in the computation 
of the reliability metric. 

For example, referring to FIG. 7B, the fact that the two 
peaks 708 and 710 are close to each other and are similar in 
amplitude may make it more difficult to distinguish the two 
peaks from one another. This circumstance could be detected 
from an analysis of the correlation function, and separately 
accounted for in the computation of the reliability metric. Or, 
referring to FIG. 3B, which is another example of a correla 
tion function which results from multi-path, the fact that peak 
312 is of lower strength than peak 308 and therefore may not 
be distinguishable from the sidelobes of peak 312, is another 
circumstance that could be determined from an analysis of the 
correlation function, and separately accounted for in the com 
putation of the reliability metric. 

Referring to FIG. 5C, a third embodiment of a method 
according to the invention is illustrated. As illustrated, this 
embodiment begins with step 512, which comprises obtain 
ing an indication of whether a multi-path signal condition is 
present or likely. The embodiment then proceeds to step 514, 
in which, responsive to this indication, a reliability metric for 
the parameter estimate is derived. 
When the technique represented by any of these embodi 

ments, implementations or examples is applied to a signal 
Subject to degradation caused by lack of line of sight and/or 
multi-path, compared to the GPS method, performance is 
greatly improved since parameters of these signals such as the 
time of arrival can now be accurately weighted. 
Any of the foregoing methods may be tangibly embodied 

in a variety of forms, including but not limited to, a form 
where a series of instructions embodying the method is stored 
on a processor readable medium or a server in a computer 
network such as the Internet, where the method is embodied 
as synthesized logic, or where the method is embodied as a 
computer program product, i.e., a code segment or module. 

Various embodiments of systems for performing any of the 
foregoing methods are also possible. FIG. 8A illustrates a first 
embodiment of Such a system which comprises a processor 
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802 coupled to a memory 804. Any of the foregoing methods 
may be tangibly embodied as a series of instructions stored in 
memory 804. Processor 802 receives as input(s) a correlation 
function derived from a signal which may be subject to deg 
radation due to factors such as lack of line of sight and 
multi-path, and may receive other inputs besides the correla 
tion function for the purpose of obtaining an indication of 
whether a nonline of sight signal condition is present or likely 
and/or a multi-path signal condition is present or likely. The 
processor 802 is configured to retrieve and execute the 
instructions stored in the memory 804, and thereby perform 
the method embodied therein. The reliability metric which is 
produced may then be output from the processor 802. 

FIG. 8B illustrates a second embodiment of a system for 
performing any of the foregoing methods. As illustrated, this 
embodiment of the system comprises first logic 806 and sec 
ond logic 808. First logic 806 receives as input(s) a correla 
tion function derived from a signal which may be subject to 
degradation due to factors such as lack of line of sight and 
multi-path, and may receive other inputs besides the correla 
tion function for the purpose of providing an indication of 
whether a nonline of sight signal condition is present or likely 
and/or a multi-path signal condition is present or likely. The 
first logic 806 is configured to provide the indication of 
whether a nonline of sight signal condition is present or likely 
and/or provide an indication of whether a multi-path signal 
condition is present or likely responsive to these one or more 
inputs. 

These one or more indications are provided to second logic 
808. Responsive to one or both of these indications, the sec 
ond logic 808 is configured to determine and output a reli 
ability metric. 

While various embodiments of the invention have been 
described, it will be apparent to those of ordinary skill in the 
art that many more embodiments and implementations are 
possible that are within the scope of this invention. 
What is claimed is: 
1. A method comprising: 
determining whether a non-line of sight signal condition is 

present based on at least one of a strength of a correlation 
function at a peak compared to an expected strength or 
distinguishing a first peak from a sidelobe of a second 
peak; 

obtaining an indication of the non-line of sight signal con 
dition based on a measure of the correlation function at 
the peak; 

deriving a reliability metric for a parameter estimate based 
in part on the indication, and wherein the reliability 
metric has a non-linear relationship to the indication of 
the non-line of sight signal condition; 

determining whether a multi-path signal condition is 
present; and 

determining whether the multi-path signal condition pro 
vides a contribution to the reliability metric independent 
of a contribution from the non-line of sight condition, 
and 

wherein deriving the reliability metric comprises deriving 
the reliability metric based on an independence of the 
contributions. 

2. The method of claim 1 wherein the parameter estimate is 
an estimate of time of arrival (TOA) of a signal. 

3. The method of claim 2 wherein the reliability metric is 
root mean square error (RMSE) of the time of arrival esti 
mate. 

4. The method of claim 3 wherein the time of arrival esti 
mate is derived from a peak of a correlation function for the 
signal. 
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5. The method of claim 4 wherein the measure of the 

correlation function comprises a measure of a strength of the 
correlation function at the peak thereof. 

6. The method of claim 5 wherein the measure of the 
strength of the correlation function at the peak thereof com 
prises a measure of an energy per chip divided by total 
received power (E/I). 

7. The method of claim 5 wherein the measure of the 
strength of the correlation function at the peak thereof com 
prises a measure of an energy of the correlation function at the 
peak. 

8. The method of claim 5 wherein the RMSE of the TOA 
estimate is derived using a lookup table. 

9. The method of claim 8 wherein the lookup table imple 
ments a nonlinear relationship between the RMSE of the TOA 
estimate and the strength of the correlation function at the 
peak thereof. 

10. The method of claim 1, tangibly embodied as a series of 
instructions stored on a processor readable medium. 

11. The method of claim 1, tangibly embodied on a server. 
12. The method of claim 1, wherein the reliability metric 

has an inverse relationship to the measure of the correlation 
function. 

13. The method of claim 1 wherein determining whether 
the multi-path signal condition is likely comprises: 

identifying the first peak and the second peak; and 
distinguishing the first peak from the sidelobe of the sec 

ond peak. 
14. A method comprising: 
determining whether a non-line of sight signal condition is 

present based on at least one of a strength of a correlation 
function at a peak compared to an expected strength or 
distinguishing a first peak from a sidelobe of a second 
peak; 

obtaining an indication of the non-line of sight signal con 
dition based on a measure of the correlation function at 
the peak, wherein the measure of the correlation func 
tion comprises a measure of a strength of the correlation 
function at the peak thereof; and 

deriving a reliability metric for a parameter estimate based 
in part on the indication, wherein the narameter estimate 
is an estimate of time of arrival (TOA) of a signal, the 
TOA estimate derived from the peak of the correlation 
function for the signal, wherein the reliability metric has 
a non-linear relationship to the indication of the non-line 
of sight signal condition, and wherein the reliability 
metric comprises root mean sguare error (RMSE) of the 
TOA estimate derived using a lookup table, and 

wherein the lookup table implements a relationship 
between the RMSE of the TOA estimate, the strength of 
the correlation function at the peak thereof, and the 
integration time used to derive the correlation function. 

15. A method comprising: 
determining whether a non-line of sight signal condition is 

present based on at least one of a strength of a correlation 
function at a peak compared to an expected strength or 
distinguishing a first peak from a sidelobe of a second 
peak: 

obtaining an indication of the non-line of sight signal con 
dition based on a measure of the correlation function at 
the peak, wherein the measure of the correlation func 
tion comprises a measure of a strength of the correlation 
function at the peak thereof; and 

deriving a reliability metric for a parameter estimate based 
in part on the indication, wherein the parameter estimate 
is an estimate of time of arrival (TOA) of a signal, the 
TOA estimate derived from the peak of the correlation 
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function for the signal, wherein the reliability metric has 
a non-linear relationship to the indication of the non-line 
of sight signal condition, and wherein the reliability 
metric comprises root mean sciuare error (RMSE) of the 
TOA estimate derived using a lookup table, and 

wherein a formula implements a relationship between the 
RMSE of the TOA estimate, the strength of the correla 
tion function at the peak thereof, and the integration time 
used to derive the correlation function. 

16. A system for providing a reliability metric for a param 
eter estimate derived from a signal using correlation analysis 
comprising: 

first logic for providing an indication of whether a non-line 
of sight signal condition is present and determining 
whether a multi-path signal condition is present based 
on at least one of a strength of a correlation function at a 
peak compared to an expected strength or distinguishing 
a first peak from a sidelobe of a second peak; and 

second logic for deriving a reliability metric for the param 
eter estimate responsive to the indication provided by 
the first logic, determining whether the multi-path signal 
condition provides a contribution to the reliability met 
ric independent of a contribution from the non-line of 
sight condition, 

wherein deriving the reliability metric comprises deriving 
the reliability metric based on an independence of the 
contributions, and 

wherein the reliability metric has an inverse relationship to 
the strength of the correlation function at the peak. 

17. The system of claim 16 wherein the parameter estimate 
is an estimate of time of arrival (TOA) of the signal. 

18.The system of claim 17 wherein the reliability metric is 
root mean square error (RMSE) of the time of arrival esti 
mate. 

19. The system of claim 18 wherein the time of arrival 
estimate is derived from a peak of a correlation function for 
the signal. 

20. The system of claim 19 wherein the first logic is con 
figured to provide an indication of whether a nonline of sight 
signal condition is present based on a measure of the strength 
of the correlation function at the peak thereof. 

21. The system of claim 20 wherein the measure of the 
strength of the correlation function at the peak thereof is 
energy per chip divided by total received power (E/I). 

22. The system of claim 20 wherein the measure of the 
strength of the correlation function at the peak thereof is the 
energy of the correlation function at the peak. 

23. The system of claim 20 wherein the second logic is 
configured to derive the RMSE of the TOA estimate using a 
lookup table. 
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24. The system of claim 23 wherein the lookup table imple 

ments a non-linear relationship between the RMSE of the 
TOA estimate and the strength of the correlation function at 
the peak thereof. 

25. A system for providing a reliability metric for a param 
eter estimate derived from a signal using correlation analysis 
comprising: 

first logic for providing an indication of whether a non-line 
of sight signal condition is present based on at least one 
of a strength of a correlation function at a peak compared 
to an expected strength or distinguishing a first peak 
from a sidelobe of a second peak; and 

second logic for deriving a reliability metric for a param 
eter estimate responsive to the indication provided by 
the first logic, wherein the parameter estimate is an 
estimate of time of arrival (TOA) derived from a peak of 
a correlation function for a signal, wherein the reliability 
metric is root mean square error (RMSE) of the TOA 
estimate, and wherein the reliability metric has an 
inverse relationship to the strength of the correlation 
function at the peak, 

wherein the second logic is conflaured to derive the RMSE 
of the TOA estimate using a lookup table, and 

wherein the lookup table implements a relationship 
between the RMSE of the TOA estimate, the strength of 
the correlation function at the peak thereof, and the 
integration time used to derive the correlation function. 

26. A system for providing a reliability metric for a param 
eter estimate derived from a signal using correlation analysis 
comprising: 

first logic for providing an indication of whether a non-line 
of sight signal condition is present based on at least one 
of a strength of a correlation function at a peak compared 
to an expected strength or distinguishing a first peak 
from a sidelobe of a second peak; and 

second logic for deriving a reliability metric for a param 
eter estimate responsive to the indication provided by 
the first logic, wherein the parameter estimate is an 
estimate of time of arrival (TOA) derived from a peak of 
a correlation function for a signal, wherein the reliability 
metric is root mean square error (RMSE) of the TOA 
estimate, and wherein the reliability metric has an 
inverse relationship to the strength of the correlation 
function at the peak, 

wherein a formula implements a relationship between the 
RMSE of the TOA estimate, the strength of the correla 
tion function at the peak thereof, and the integration time 
used to derive the correlation function. 


